This paper investigates the nature of the causal linkage between stock markets and foreign exchange markets in Australia, Canada, Japan, Switzerland, and UK from 1992:1 to 2005:12. Recently developed cointegration tests are employed and no evidence of a long-run relationship between the variables is found. Three variations of the Granger causality test are carried out and causality from exchange rates to stock prices is found for Canada, Switzerland, and United Kingdom; weak causality in the other direction is found only for Switzerland. The Hiemstra-Jones test is used to examine possible nonlinear causality and the results indicate causality from stock prices to exchange rates in Japan and weak causality of the reverse direction in Switzerland.
I. Introduction
Are foreign exchange markets and stock markets really related? If so, what is the direction of the relation? These questions have received considerable attention along with the emergence of new capital markets, the adoption of more flexible exchange rate policies and the relaxation of foreign capital controls. The current state of research cannot provide us with either theoretical or empirical consensus on the topic.
Two sets of theoretical models, namely flow-oriented models and stock-oriented models have been adopted to explore the above questions in extant literature. Flow-oriented models (Dornbush and Fisher, 1980) assume that a country's current account and trade balance performance are two important factors of exchange rate determination, hence, stock prices and exchange rates are positively related. On the other hand, stock-oriented models emphasize the capital account as the major determinant of exchange rate. There are two subsets in this category, namely portfolio balance models and monetary models. Portfolio balance models (Branson, 1983) posit that increase in stock prices drives up the interest rate of domestic currency, with the consequent effect of a fall in the exchange rate. In other words, the force from stock markets to foreign exchange (FX) markets drives stock prices and exchange rates to move in opposite directions. Monetary models (Gavin, 1989) , however, conclude that there is no linkage between exchange rates and stock prices except that both variables are influenced by some common factors. Obviously, these three models give us totally different theoretical results about the interaction and causality between FX markets and stock markets.
Previous empirical studies provide mixed conclusions. Bahmani-Oskooee and Sohrabian (1992) find bidirectional causality between exchange rate and stock price in UK. Fang and Miller (2002) find that the innovation of exchange rate can affect stock price, and vice versa. Abdalla and Murinde (1997) have found causality from FX markets to stock markets in Korea, Pakistan, and India. Ajayi et al (1998) found reverse causations in several advanced markets. Granger et al (2000) fail to find any kind of casual linkage in most countries they studied. Bhattacharya and Mukherjee (2003) also cannot find causal relationship and Stavarek (2005) find no causal linkage between exchange rate and stock price for nine countries for the period 1970-92. However, in some cases the causal relationship is detected to run from stock price to real effective exchange rate (REER) or nominal effective exchange rate.
In summary, there is no consensus on the theoretical and empirical literature and, this paper aims at investigating empirically this hypothesis further. The contributions of this study are : i) we use an extended dataset, ii) both the Johansen (1995) and the Saikkonen and Lutkepohl (2000a,b,c) cointegration tests are employed, iii) three variations of Granger causality tests are estimated and iv) additionally, we carry out the nonparametric causality approach proposed by Hiemstra and Jones (1994) that allows for nonlinear causality. This paper is structured as follows. Section 2 reviews some previous studies in this subject.
Section 3 explains methodological issues and describes the data employed. Section 4 reports and discusses the empirical results and finally section 5 concludes.
II. Literature Review
During the past decade, an increasing amount of empirical research has examined the causality between exchange rates and stock prices. One strand of the literature looks at the long-run relationship based on cointegration techniques. The other strand investigates the short-run dynamics focusing on causality tests and impulse response functions (IRF) among others.
One the first strand Bahmani-Oskooee and Sohrabian (1992) are the pioneers of using cointegration and Granger causality techniques to investigate the interaction between stock prices and FX markets. The data they used consist of monthly Standard and Poor's Composite Index of 500 stock and effective exchange rates of US dollar from 1973:12 to 1983:12. A two-stage systematic autoregressive procedure was employed developed by Hsiao (1981) . By using the final prediction error (FPE) as lag selection criterion a unidirectional causation from stock price to exchange rate was found but if both FPE and F-statistic were used then feedback causality between both series was uncovered. Abdalla and Murinde (1997) studied the prices in FX and stock markets in four less developed countries, namely India, Korea, Pakistan and the Philippines within a VECM (Vector Error Correction Model) framework. For the period 1985:01-1994:07, they find unidirectional causal linkage between exchange rates and stock prices for Pakistan and Korea. The real effective exchange rate Granger cause the stock price index in India, but no causal relationship was found in the case of Philippines. Nieh and Lee (2001) employ daily observations from October 1993 to February 1996 and through both the and the Johansen (1995) procedures they find support for the Bahmani-Oskoee and Sohrabian (1992) findings that there is no long-run relationship between the two variables in the G-7 economies. In the short-run (VECM) the two variables do not have predictive capabilities for more than two consecutive trading days.
For six Pacific Basin countries, Phylaktis and Ravazzolo (2005) examine stock price and exchange rate dynamics and reach a number of conclusions: First, there is no long run equilibrium in these countries, except Hong Kong. When the US stock market is included in the cointegrating relationship more evidence in favor of cointegration is found for some countries for more recent datasets. Secondly, foreign exchange restrictions were not found to be significant in linking the domestic stock and foreign exchange markets. Thirdly, through multivariate causality tests it was found that the US stock market drives the system. More recently Abdelaziz et al (2008) investigated the long-run interaction between stock prices and real exchange rates in four oil exporting Middle East countries and found no evidence of cointegration between the two variables.
When oil price was included in the system, evidence of a long-run relationship was found in three countries for the more recent sub-samples.
The second strand of the literature focuses on the short-run dynamics, Ajayi et al (1998) examine the interaction between daily stock returns and changes in the exchange rates for two groups of markets: Advanced economies (including Canada, Germany, France, Italy, Japan, UK and USA) whose data start from 1985:04 to 1991:08 and Asian emerging markets (including Taiwan, Korea, the Philippines, Malaysia, Singapore, Hong Kong, Indonesia, and Thailand) whose data cover 1987:12-1991:09. In the case of Indonesia, the Philippines, Taiwan and all advanced markets, there is one-way causal relationship running from the stock market to the FX market, while in the case of Korea the relationship is reverse. They also perform causality test on weekly data and find that the results are in line with the daily data for the advanced markets. However, a very different result is obtained for emerging markets: unidirectional causal relationship from the stock returns differential to the change in the exchange rate is found for Thailand and Malaysia. Granger et al (2000) apply Granger causality test and IRF to examine the interaction between stock prices and FX market. Nine Asian countries and regions are selected for the empirical analysis: Hong Kong, Indonesia, Japan, South Korea, Malaysia, the Philippines, Singapore, Thailand and Taiwan. Their study employs daily data from 3/1/1986 to 14/11/1997 (3097 observations). Three sub-periods are fractionized from the whole analyzed period: the first period started from the first observation to 30/11/1986; the second period extends from 1/12/1987 to the end of 1994 and it is called after crash period; and the third one covers the rest observations.
In the first period, by using 10% as significance level, there is no causal linkage for those countries except Hong Kong and South Korea which have one-way causality from exchange rate to stock price and from stock price to exchange rate respectively. In period 2, the authors find unidirectional causal linkage from FX markets to stock markets in Malaysia and the Philippines and reverse linkage in Taiwan. During the last period, it is found that the change in stock prices will lead the change in the exchange rates in Taiwan, and the reverse relationship is found in Japan, Thailand, Singapore and Hong Kong. In the rest markets, bidirectional causal relationships between the two variables were established. Moreover, the study shows that the predictable portion of stock price changes can be improved by including the exchange rate variation within the regression.
Most of the recent empirical literature has focused on Asian emerging markets. For instance, Fang and Miller (2002) investigate the relationship between exchange rate and stock market performance in Korea during the Asian financial crisis and find that currency depreciation significantly affects stock market performance. Bhattacharya and Mukherjee (2003) study the relationship among stock prices, real effective exchange rates of the Indian Rupee, foreign exchange reserves and the value of trade balance and find no causal relationship between stock price and other variables. Muhammad and Rasheed (2003) find two-way long-run causal linkages but no short-run causality between the variables in Bangladesh and Sri Lanka.
A number of methods has been employed in these studies, including standard Granger causality (Granger, 1969) , Sims' version of Granger causality test (Sims, 1972) 
, ECM (Error Correction
Model, , VECM (Johansen, 1995) , and the long-run causality test suggested by Toda and Yamamoto (1995) . The mixed empirical evidence could be attributed to the different datasets and methods used. Generally speaking, more causal linkages are found in developed markets rather than in developing ones. Moreover, the more recent the dataset, the stronger the linkage. For example, Ajayi et al (1998) find causal relationship in every advanced market they studied and they find less than half of the emerging markets to have this kind of linkage. Stavarek (2005) finds much stronger casual relationship in the later period than in the early period in old EU-member countries and US.
III. Methodology and Data

A. Unit Root and Cointegration Tests
Our first step is to employ unit root and stationarity tests that are well known in the literature (ADF, Phillips and Perron and KPSS). In order to establish the existence of longrun relationship between the two variables we employ the cointegrating methodology of Johansen (1995) who suggest an approach to test cointegration through building a VECM. In Johansen's (1995) notation, we write a p-dimensional VECM as:
where 
where the λ j are the eigenvalues obtained by applying reduced rank regression techniques.
The trace statistic is preferred to the max-eigenvalue statistic as it is more powerful (see The null hypothesis of the Johansen's approach is that the number of cointegrating vectors is less than or equal to r and the alternative is that there are at most r cointegrating vectors.
The test is done sequentially starting from r=0. If the statistic is smaller than the critical value, the null cannot be rejected and it indicates that there is no long-run relationship among the variables.
More recently, Saikkonen and Lutkepohl (2000a, b, c) proposed a two-step procedure in which the mean term ( μ 0 ) is estimated in the first step by the feasible GLS procedure.
Substituting the estimate for μ 0 in equation (3) below, one can apply an LR-type test based on a reduced rank regression. The resulting test statistic has an asymptotic distribution that is different from the one obtained for the intercept version. Saikonnen and Lutkepohl (1999) argue that the power of this test is asymptotically superior to Johansen (1995) trace test and they apply an LR-type test based on a reduced rank regression of the following form:
B. Granger Causality Test
In this paper, three variations of Granger causality test are used, namely the standard Granger causality test, Hsiao's version of Granger causality test and causality test through a VECM approach. The first two tests are employed when there is no equilibrium relationship between the variables while last one is suited for the case of cointegration.
Testing for Granger casualty in a VAR framework can be written as:
α i are the constant terms, m is the lag order, and ε it are error terms and assumed to be serially uncorrelated with zero mean and finite covariance matrix. In order to test causality from x to y, the null hypothesis (H 01 ) is expressed as δ 1j =0 (j=1, 2,…,m), and the alternative is at least one of δ 1j (j=1, 2,…m) is significantly different from zero. Similarly, H 02 of testing the causality from y to x is δ 2j =0 (j=1, 2…m) against at least one of δ 2j is not zero.
In this case, however, the following unequal-length VAR is employed by allowing different values for p, q, r, s:
The lag order of the above is crucial, since if too many lags are included, the estimators are biased. A two-stage method developed by Hsiao (1979) is used to determine the optimal lag order for the above VAR. In the first stage, assuming causality from x to y, the following equation is estimated:
This equation is similar with equation (6) but does not contain autoregressive terms of X.
Then start with p=1 and run the above regression. Calculate sequentially up to the maximum lag order Q the Akaike's Final Prediction Error (FPE) criterion which is defined as
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In the second stage the order of y lags is fixed on p* and the equation becomes
Like p in stage one, Q is set as the maximum value of q. Letting q to vary from 1 to Q we determine the optimal lag length for q (r and s are determined in the same way).
Another method employed in this study is Hsiao's version of Granger causality test. In this case, p* is chosen based on FPE (p) that is obtained from equation (8) Difference operation is necessary for nonstationary variables before employing them in a system. If two variables are cointegrated, there is an error-correction representation between them: 
where Δ is the first differenced operator, ε 1t and ε 2t is iid with zero mean and constant variance.
C. Nonparametric Causality Test
Stock prices and exchange rates may empirically lead each other in various forms, including linear and nonlinear interaction. So far we assumed linearity in the specifications above. Baek and Brock (1992) and Hiemstra and Jones (1994) 
where Pr( ) ⋅ is probability function, ⋅ indicates supreme norm, e is a positive number and t,s=max(Lx, Ly)+1, …, T-m+1. There is one conditional probability on each side of equation (12 
D. Data
The official average exchange rates for Australia, Canada, Japan, Switzerland, and UK for the period January 1992 to December 2005 are employed. The exchange rate is the spot rate against the US dollar. With the exception of the US where Dow-Jones Composite Average index is used, we employed the Dow-Jones Country Titans index to represent stock price (see Appendix A for the summary statistics).
IV. Empirical Results
A. Unit Root and Cointegration Tests
ADF and PP unit root and the KPSS stationary tests were employed with and without trend (Tables 1 and 2 ). The order of ADF test is selected based on Ng and Perron (2001) . Firstly, we set up the upper limit of lag length as 1/ 4 max 12 100
to 13; therefore ADF regressions are run with lags from 0 to 13. The minimum modified AIC is picked up for each country and the corresponding regression is selected as the correct model of the ADF test.
The results for both ADF and PP confirm that all the series are I(1). The latter is confirmed through the KPSS stationary test (see Table 2 ). Since every variable has the same order of integration, we could proceed with employing the Johansen cointegrating framework. The lag length of differenced terms in VECM is selected by information criteria, MAIC and FPE, of the corresponding VAR, whose optimal order is greater than VECM's by one. The optimal lag length suggested by the different information criteria are of the same order and are reported in Table B1 .
Next, we estimate equation (1) and calculate the statistic that is defined in equation (2). Table 3 reports the trace statistics together with the associated critical value. In all cases for r=0 the former is smaller than the latter. This implies that the null hypothesis of no cointegration between the variables, cannot be rejected for the five pairs. No cointegration is also confirmed by the Saikkonen and Lutkepohl test described earlier (see Table 4 ). All the p-values are above 0.05 confirming the conclusion of the Johansen test. These results are consistent with the findings of Bahmani-Oskooee and Sohrabian (1992) and Nieh and Lee (2001) that there is no long-run relationship between the two variables. 
B. Standard and Hsiao's Version of Granger Causality
Standard Granger causality test is valid for variables that do not have cointegrating relationship.
In this paper there are five pairs of variables that are suited for employing this test, namely AUEX/AUSP, CAEX/CASP, CHEX/CHSP, JPEX/JPSP, and UKEX/UKSP. Before employing Granger causality tests, we determined the optimum lag order. Two methods are used separately to choose lag length: minimum information criterion approach and Hsiao's approach for unequal lag length VAR. We calculate MAIC, MSBIC, and FPE for the model suggested by Granger (1969) and the result is reported in table B2 in appendix B. The order suggested by MAIC and FPE is the same.
Full information estimation of equation (4) and (5) is made on each pair of variables. H 01 : δ 1j =0 (j=1,2…m) and H 02 : δ 2j =0 (j=1,2…m) are examined by using the Wald test. If the latter rejects the null, it indicates the existence of a causal linkage between the two variables. Table 5 presents the results of the F-statistics of the Granger causality tests. ***, **, * denotes significance at the 1%, 5% and 10% level respectively.
There is no Ganger causality from stock market to foreign exchange market in all cases except for Switzerland where the null of CHSP not Granger causing CHEX can be rejected at the 10% level (the p-value of F-statistic is 0.072). The causality from stock price to exchange rate seems to be relatively strong, since the hypothesis of non-causality can be rejected at the 1% for Canada and Switzerland and at the 5% for UK (p-value 0.012).
Overall the results show that there is more evidence that the causation runs from SM to FX markets than the reverse. This is not in line with the empirical literature. For example, Abdalla and Murinde (1997) find there are causal linkages from SM to FX markets in all the four countries they studied, however, only in one case instantaneous causality from the exchange rate to the stock market was found for Korea. Ajayi et al (1998) also find causality run from stock price to exchange rate in several countries, but the reverse relationship exists only for Korea.
Therefore, portfolio balance models fit the last two studies better, while in this study the evidence supports more the flow-oriented models.
Causal linkage from stock price to exchange rate exists only for Switzerland. There are at least two explanations for this. Firstly, Switzerland has a well developed financial market making the interaction between FX market and SM possible. Secondly, the industrial and other goodsproduce sectors in Swiss economy are relatively weaker, thus stock price have more potential to be influenced by other factors, such as exchange rate.
Granger (1969) model set four lags as equal, however, there is potential for model misspecification.
This assumption is relaxed and Hsiao's approach is used to choose the optimal length (see table   6 ). ***, **, * denotes significance at the 1%, 5% and 10% level respectively.
We also examine the causal linkage through Hsiao's version of Granger causality test (see Table 6 ).
For the exchange rate equation, one-dimension FPE was found to be less than the two-dimension FPE in most countries except for Switzerland. The latter implies that the prediction of exchange rate cannot be improved by using lagged information on stock price in most countries except for Switzerland. Thus, the empirical causal linkage from stock markets to FX markets exists only for Switzerland. Moreover, two-dimension FPE is always smaller than one-dimension FPE for Canada, Switzerland and UK, which indicates there is causality from exchange rate to stock price in these countries.
C. Nonparametric Causality Test
To the best of our knowledge, previous studies focus only on linear causality between foreign exchange and stock markets; however, there is no reason theoretically or empirically to assume that the relationship is a linear one. For example, one variable may depend on the power of the other variable's lag. To investigate this possibility we employ the HiemstraJones (1994) test for our dataset. Following the latter, we normalize the data to unity variance and set m=1 and vary Lx, Ly from 1 to 5, and let e=1. quite lower causal linkages in both directions. In Japan, where the lag length of exchange rate varies from two to five, the null of no causality from stock market to exchange rate market is rejected at the 10% level. In the three variations of linear causality, however, there is no enough evidence to allow us to reject the null. This result implies the causal linkage from JPSP to JPEX is nonlinear. We have found a weak empirical linear linkage from stock market to foreign exchange market for Switzerland; however, the null of non-causality cannot be rejected in this direction. For any other country, we are also failed to establish causality from the stock price to exchange rate, a fact that is consistent with the result of the linear causality test.
In the three variations of linear empirical causality tests, causal linkage from exchange rate to stock price is found for Canada, Switzerland, and United Kingdom. However, the result of Hiemstra-Jones test indicate that there is no nonlinear causal linkage in this direction in each country with the exception of Switzerland. In fact, in Switzerland, 2 out of 25 statistics imply that there is causal linkage.
V. Conclusion
This paper examines the causality between exchange rates and stock prices in Australia, Canada, Japan, Switzerland, and UK in a linear and nonlinear framework. We investigate the nature of the relationship between FX markets and stock markets. If there is one, what is the direction of these linkages? Previous studies have provided mixed results regarding these questions. Firstly we provided evidence that there is no long-run relationship between the two variables using two cointegration approaches and an extended dataset. The latter confirms some of the previous studies. We then focused on the nature of the short-run relationship.
We 
